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1. Introduction

Internal Dose Coefficients mean the committed tissue
equivalent or effective dose per unit intake, which is
one of the most important factor for internal dosimetry.
In general, the internal dose coefficients have been
published from the ICRP (International Commission on
Radiological Protection) for inhalation and ingestion of
radioactive materials. Although the ICRP provides the
coefficients as point values without uncertainties, it is
important to understand sources of uncertainty in the
derivation of the coefficients [1].

When internal dose coefficients are calculated,
numerous factors are involved such as transfer rate in
biokinetic models, absorption rates and deposition in
respiratory tract model, fractional absorption in
alimentary tract model, absorbed fractions (AF),
nuclide information and organ mass. These factors have
uncertainty ~ respectively, which increases the
uncertainty of internal dose coefficients by uncertainty
propagation. Since the procedure of internal dose
coefficients calculation is somewhat complicated, it is
difficult to propagate the each uncertainty analytically.
Therefore, the calculation module for uncertainty of
internal dose coefficients is needed using non-analytical
method.

In this study, we developed the calculation module
for uncertainty of internal dose coefficients using the
Monte Carlo method that is widely used for uncertainty
propagation. Also, the internal dose coefficient for
inhalation of °Sr with uncertainty was calculated using
the developed module. The development of module and
calculation were performed by MATLAB.

2. Methods and Results
2.1 Development of the uncertainty calculation module

The procedure of internal dose coefficients
calculation is largely divided into two parts, U(50) (The
number of disintegration for 50 years at each
compartment) and SEE (Specific Effective Energy)
calculation like Fig. 1.

The Usg is calculated using biokinetic compartment
models in which each organs are considered as
independent compartment and material transfer between
compartments is described by transfer rates, A (d).
Using the compartment model, U(50) can be calculated
as following equation [2]:
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Fig. 1. The general procedure for calculation of the internal
dose coefficient (committed effective dose coefficient).
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where A is decay constant if gy is given in the number of
atoms or 8.64x10* for the number of transformations,
d'Bq! if g is given in Bq, [A] is the transfer rate
matrix composed by transfer rates between
compartments, [I] is identity matrix, and is the initial
vector that contains the initial activities in each
compartment. In this equation, each factor has
uncertainties, which results in the uncertainty of U(50)
by the uncertainty propagation. Since this equation is
solved using matrix calculation, however, it is difficult
to propagate uncertainty analytically. Thus, we used the
Monte Carlo method in which the factors necessary for
the U(50) are sampled from probabilistic distribution
for each factor.

In the Monte Carlo method, sampling method is very
important. Most widely used sampling methods in the
Monte Carlo method are as follow: direct inversion of
cumulative density function (cdf), numerical inversion
of cdf, probability mixing method and rejection method.
Among these methods, we used the rejection method
because the method has very simple algorithm and can
be applied regardless if probability density function
(pdf) is integrable or not. Using this method, the
developed module samples relevant factors as shown in
Table 1.

Another necessary value, SEE in target organ (T)
from source organ (S) for radiation type (R) is
calculated as following equation:

_AE(T < S),

SEE(T < S), = YrEr W 2

T

where AF is absorbed fraction in target organ from
source organ, M is mass of target organ, yr is emission
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Table I: Sampled factors related to the U(50) calculation.

Table II: Applied models and factors for uncertainty test
calculation of inhalation of *°Sr.

Biokinetic
Factor

model
Respiratory Deposition fraction, Clearance rate,
tract model Absorption rate
Alimentary Transfer rate, Fractional absorption
tract model (f)

Systemic Transfer rate (or biological half-life
model and fractional transfer)

yield, Er is radiation energy, and wr is radiation
weighting factor.

Among these factors, we only considered uncertainty
of Mr because uncertainty of nuclear data such as yr
and Eg is relatively very low compared to that of other
factors and wr does not have uncertainty. Even though
AF has uncertainty, we did not considered the
uncertainty of AF in this development because
information on the uncertainty is rarely available now,
thus will be considered later. When calculating the
uncertainty of SEE, the Monte Carlo method with the
rejection sampling method is used in the same way.

After uncertainties of factors for U(50) and SEE are
all sampled, U(50) and SEE are calculated using
equation (1) and (2). By multiplying the U(50) and SEE,
we can get committed equivalent dose for each organ
and finally get committed effective dose (internal dose
coefficient) by tissue weighting factor (wr). Since this
coefficient is just a single value from a singular Monte
Carlo sampling, it is indispensable to repeat until the
result becomes statistically significant; below 5 % of
relative error in this study. After this repetition, we can
obtain the distribution and percentile values of the
internal dose coefficient. In this study, MATLAB
2014a was used to develop the uncertainty calculation
module.

2.2 Application of the module to inhalation of *’Sr

In order to test the developed module, we calculated
the internal dose coefficient for inhalation of *°Sr with
uncertainty using the module. The reason why we
selected °Sr as the test nuclide is that there are
relatively enough uncertainty data for the calculation. In
this test, applied models are as shown in Table II.

For the clearance model of the ICRP publication 66
[3] respiratory tract model, clearance rate has log-
normal distribution with factor of 3 uncertainty, but
rapid clearance from BB and bb compartments has
factor of 1.5 and 2 respectively [4]. In the case of
absorption rate, strontium specific data with distribution
[5] was selected instead of three absorption type (F, M,
S) in ICRP publication 66 because the absorption rate
for three type is not based on enough experiment data
and thus has not uncertainty data. In the case of
alimentary tract model, HATM (Human Alimentary
Tract Model) from ICRP publication 100 [6] was used
instead of ICRP publication 30 [7] model because there

Respiratory | Clearance model: ICRP 66 [3]
tract model | Absorption rate: M. Puncher [5]
Alimentary | Biokinetic model: ICRP 100 [6]
tract model | f;: NCRP 164 [8]
Systemic | g kinetic model: ICRP 67 [9]
model
Specific Absorbed fraction: MIRD phantom
absorbed based AF
fraction Organ mass: 4. 1. Apostoaei et. al [10]

are not uncertainty data for the ICRP publication 30
model. Fractional absorption (fi) distribution for
strontium was selected from NCRP publication 164 [8].
The systemic model for strontium was chosen from
ICRP publication 67 [9] and distribution for transfer
rates of the model was provided from NCRP
publication 164 [8]. In the test calculation, uncertainty
of organ masses was also considered and the
distribution from previous study [10] was used.

Using the developed module and selected factors, we
obtained the distribution of the internal dose coefficient
for inhalation of *°Sr. The calculation was repeated 400
times and relative error of the result was below 5 %.
The distribution of the coefficient is as shown in Fig. 2
and 5, 50, 95 percentile values are shown in Table III.
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Fig. 2. The distribution of the internal dose coefficient for
inhalation of *°Sr.

Table III: Percentile values of the internal dose coefficient
for inhalation of °Sr.

Percentile 5th 50™ (median) 95t
Value 3 3 -8
(Sv/Bq) 1.094x10 2.640%10 7.148%x10

3. Conclusions

In this study, we developed the calculation module
for uncertainty of the internal dose coefficient. In this
module, uncertainty of various factor used to calculate
the internal dose coefficient can be considered using the
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Monte Carlo sampling method. After developing the
module, we calculated the internal dose coefficient for
inhalation of *°Sr with the uncertainty and obtained the
distribution and percentile values.

It is expected that this study will contribute greatly to
the uncertainty research on internal dosimetry. In the
future, we will update the module to consider more
uncertainties.
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